Urban sprawl is one of the main important phenomena threatening the spatial structure of cities and affecting the overall quality of them. This paper studied the urban growth pattern and sprawling of Kazerun, a medium-sized city in the south of Iran. Using the population and land use data available from secondary formal sources, the growth pattern was compared to national statistics. Furthermore, two well-known landscape metrics included Holdern and Shannon indices were applied to measure the extent of urban sprawl. As a qualitative research methodology, some experts (n = 30) working in governmental agencies were asked to explain the causes and effects of urban sprawl in the case study area. The results confirmed that several factors including the former masterplans affected the urban development pattern of the area. Moreover, a number of physical, environmental, economic and social impacts were discovered as the consequence of current fragmented growth pattern. Finally, a set of applicable policies are recommended to overcome sprawl and to achieve a more balanced development.
Introduction
Urban sprawl is the spreading of developments and defined as low density commercial or residential development on vacant land which is unsustainable in a longer time (Squires, 2002) . Urban sprawl is characterized by several impacts such as: low-density, dispersed, car dependent and environmentally and socially-segregated communities (Ewing, 1997; Downs, 1998; Burchell and Shad, 1999; Couch et al, 2007) . Urban sprawl and its impacts have attracted increasing attention from planners and policy makers within the past three decades (Frenkel and Ashkenazi, 2008; Frenkel and Orenstein, 2012) .
While large cities and metropolises are going toward more compression by applying policies to control sprawl, urban sprawl is also a risk that threatens the small and medium-sized cities (Ngoran and Xu, 2015; Zeng et al., 2015; Yuen et al., 2013; García-Palomares , 2010; Davis and Schaub, 2005; Capello, and Camagni , 2000) . In these types of cities, the role of urban masterplan is very effective and undeniable in terms of guiding urban development and preventing the urban sprawl (Kim and Rowe, 2013) . Masterplans are expected to provide a context for coordinated and harmonious physical development. Actually, such plans encompass a set of decisions made by urban officials to create a more effective conformity between the city and the changes which are not under their control (Andersson and Samartin, 1983) .
Several studies can be found discussing the role of masterplans in shaping the urban development pattern. For example, Tian and Shen (2011) and Han et al. (2009) evaluate the implementation impacts of masterplans of Guangzhou and Beijing, respectively, and found that the actual urban development pattern in both cities deviated greatly from the original master plans. Sharifi et al. (2014) studied the effectiveness of Laos's comprehensive plan in regulating urban growth. The results indicate that there was an urgent need for improvements in the regulatory and administrative aspects as the master plan should be revised to provide a more realistic account of the existing situation. The results of Kim and Row's (2013) study on the role of master plans to guide development toward areas with less risk in China's disaster-prone areas showed that cities showing high compliance with their master plans generally had smaller areas of urban land exposed to environmental hazards.
The early historical Iranian cities were organized into axial, geometrical patterns. The gated towns and villages that started to develop in eastern Iran from the middle of the first millennium BC were square-shaped and had an internal axial design. The main street was originated from a single gateway, was flanked by courtyard houses, and led to a central square, which was the public space for the cattle (Ahmadi et al., 2012) . Organic cities as a product of hundreds of years of evolving are a valuable source for today's studies (Karimi, 2002 ). Today's massive sprawl is only a part of urban transformations that aimed at formulating the urban form of the cities for car use. These governmental practices that took place between 1930 and 1960 not only changed the urban textures of the traditional and organic cities, but also impacted the lifestyle of the urban residents by facilitating motorized movement (Masoumi, 2012) .
Master planning in Iranian cities dates back to mid-1970s when the first wave of modernization appeared (Madanipour, 2006; Madanipour, 2010) . However, this approach received many criticisms from the developed countries and was gradually replaced by other approaches such as systematic or strategic plan (Rasoolimanesh et al., 2013) . Nevertheless, in Iran, the master plan is still considered as the dominant approach in planning. The master planning approach makes a rigid blueprint of the provincial level have high influence on the urban development with a minimum participation of management system (PanahandehKhah et al., 2009) . The decision to provide and adopt a master plan in Iran is conducted via a joint work between Management and Planning Organization (MPO); the Urban Development Ministry, the Planning Department of Municipality, city council and provincial offices. In order to prepare such a master plan, urban planner and architecture experts are engaged in this process. These professionals aim to analyze the city's conditions and determine the priorities based on municipality and central government expectations (Mohammadi, 2010) . Hence, there is clearly a lack of participation of citizens, non-governmental organizations (NGOs) and other stakeholders in the process of planning in the conventional master planning approach.
Kazerun located in the Fars province is one of the somehow medium-sized cities in the Iran's urban system which experienced a rapid rate of physical growth in recent decade. Due to the unorganized expansion of the city, the spatial organization of the city and its main structure is changed to an irregular form in which urban facilities and services are being scattered in different parts of the city.
Analyzing urban sprawl, its causes and impacts in Kazerun with regard to the role of masterplan is the objective of this paper. In this way, discovering the rate of urban sprawl, its causes and impacts are targeted. Also, the role of the masterplan in urban sprawl will be discussed. Although several studies have been undertaken on the sprawl and zoning philosophy and practice in western societies, the impacts of the masterplanning on sprawl considering the specific conditions of developing nations have remained largely unknown. This paper investigates the sprawl phenomena and its main causes in Kazeroun, a mid-sized city in the southwest of Iran. The contribution of this study is that it examines the sprawl and the role of masterplanning in a different context (a developing country) with different socio-economic and spatial characteristics where such academic research is lacking. The findings of the research will be helpful in proposing a set of policies for a balanced urban development.
Materials and Methods
Kazerun as the case of this study, has an area over 2'570 hectare located 145 kilometers away from the west of Shiraz and 1'060 kilometers from the capital city of Tehran, in the Middle-West of Fars province (Fig. 1) . Currently, Kazerun is composed of four regions and 25 neighborhoods (Naghsh-Mohit Consultant, 2004) .
Kazerun has two master plans adopted and the latest one, approved in 1991 is taken in consideration in this study. This study can be considered as a functional evaluation study which describes urban sprawl, its causes and its effects in Kazerun with a consideration on the role of master plan in the physical development. The data collected from secondary sources including the maps and documents related to the study area from 1956 to 2011. 
Results

The Spatial Structure of the City
The present physical form of Kazerun is like a circle with some erratic divisions inside the central and peripheral parts and squared divisions in the peripheral newly constructed parts, which gradually and by time and by the expansion of the city in north west and the entrance of the city, is about to transform into a scattered linear pattern. Also, Kazerun has a grid road network system. The periodic development of Kazerun during the past 40 years shows that the city experienced slight growth until 1980. Then, due to the increasing interactions with two major metropolitans, Shiraz and Bushehr, and peripheral areas, the growth pattern changed to linear and scattered forms. This leads to an elongated shape from the northeast to the northwest just like two long arms and partly expansion to the southeast, so that by the continuation of this situation, the southeast parts of the city will also experience such a linear growth.
According to Table 2 , the annual rate of population growth in Kazerun between 1956 and 2011 was 1.92 percent, in average. It is observed that the growth rate of Kazerun was small. A gradual increase in population growth can be observed from 1956 to 1986. On the other hand, the population growth rate had decreased between 1996 and 2011 with some fluctuations. Comparing the rate of Kazerun population growth with the average annual rate of country population growth confirms this. Hence, it is observed that within all the studied periods in the past forty years, with regard to the changes in the population growth, Kazerun was too far from the average urban growth of the whole country. Despite the slow and gradual growth, the Kazerun has had a sporadic horizontal expansion and in what follows, we measure its size base on the population and the area of build environment in the city. 
The Rate of Sprawl by Holdern Index
Several metrics are suggested to measure the composition and configuration of urban growth pattern which generally show how urban areas developed over time. In this study, the Holdern index is used to calculate the rate of sprawl for the period of 1976 to 2011 using the following formula (Beck, 2003) :
The variables of this model for Kazerun during the years 1976 to 2011 are as follow:
By putting these numbers in Holdern formula, the result will be:
Then, by dividing each side of the equation to 2.8408, the percentage of the distribution of population growth and annual gross urban land growth will be obtained.
If the year 1976 is considered as the starting point and the year 2011 as the end point of this period, from the total physical growth or the increase in the city area in this period, 19 percent corresponded to the natural growth Vol. 10, No. 1; 2017 of the population and immigration and the other 81 percent associated with the horizontal dispersion or expansion.
During the recent 35 years, due to Holdern equation, approximately 80 percent of the physical growth of the city occurred due to some factors apart from the factor of population which shows the problem of very high dispersion in Kazerun development. The result of this situation had been resulted in a reduction in the gross density and an increase in the gross per capita of urban land, which are too high. So that during these 35 years, gross per capita of urban land has increased From 29.11 square meters to 286.55 square meters. Since, this increase has been made in the form of wastelands, so now is not useful for citizens.
The Rate of Sprawl by Shannon Index
Also, for the assessment of sprawl in Kazerun, the Shannon entropy index is used. This measure can calculate the rate of sprawl in the city and the suburban areas. The basic logic of computation in this index is to compare the built area in the neighborhoods or districts with the total built area in the neighborhoods or districts according to the following formula (Shannon, 1948) :
In this formula, Pi is the ratio of built area (total residential density) of the region i to the total built over all areas and n refers to the total number of areas. In order to interpret the output of this measure, the final value obtained from the index is compared with the value of Ln (n) and the closer the value of entropy to the value of Ln (n), the more sporadic it is.
In this part, the entropy calculation for Kazerun city is done for the whole city with the consideration of its four regions. The data of population and area of the city is used by separating the region in the period of 2004. The result is shown in the following table. According to the table, the value of entropy (1.363) is close to the final limit of the classes (1.386), hence showing the high level of sprawl happened in Kazerun. It is worth mentioning that in comparing the value of entropy and final limit, always the absolute value of entropy is considered, this fact is eliminated from the value.
The Sprawl Impacts
The impacts of scattered urban growth can be studied in environmental, social, economic and physical aspects (Zhang et al., 2007; Travisi et al., 2010; Hasse and Richard, 2003; Nuissl et al., 2009 ). The qualitative expert survey questionnaire is used as a tool to verify the most important consequences of sprawl in Kazerun. First, the most important negative effect of sprawling was extracted from the literature. Then 30 experts worked as managers and officials in Kazerun Municipality, the Department of Urban Development, the Water and Sewage Organization and the Department of Transportation who are fairly familiar with the local area, were asked to evaluate each of the potential effects with a Likert system of five point scale from one (the least importance) to 5 (the most importance). The Freedman non-parametric test was used to compare the means and rank (Table 4) : The highest effect of scattered expansion of Kazerun is physical, stated as the fragmentation of urban form (mean rank = 7.30). On the other hand, the least effect of this phenomenon with an average score of 5.48 was increasing the rate of crime.
Overall, these results show that in the environmental part, changing the land use from farm into built up area, destruction of natural landscape, reducing the area of the territory farmland, dropping the quality and quantity of water resources, and air pollution in social part, reducing the social capital and also increasing the rate of crime, in the economic sector, increasing the cost of infrastructures and utilities, increasing car dependency for transport can be mentioned. However, the most important part of these inflicted effects from sprawling relates to its physical dimension which includes the fragmentation of urban form, increasing car dependency for transport, decreasing accessibility to services and facilities, destruction of natural view and urban landscape and the change of land use from farm into built up area.
The Role of Urban Master Plan in Sprawling
The provided masterplans for Kazerun city, was an effort to reorganize the city by local partitioning, offering the new physical divisions and the optimized distribution of services, amenities and urban facilities. However, one of the biggest problems and weaknesses confronting the city expansion of Kazerun is the lack of control in city expansion in line with the offered proposals in the masterplan.
The physical expansion of Kazerun during the past two decades mostly occurred in the northwest parts of the city known as 65 hectare land, which is out of the boundary and the physical border of the city. The fourth region, located at the east and south-east of Kazerun in the masterplan has been considered as the first priority for the future development of city in 1991. So that in some neighborhoods in these four regions, including the neighborhoods number four, with the predicted capacity of 3'270 people, few populations has resided.
The masterplan was not successful in predicting future population. The study of provided masterplans in Iran during the past two decades shows that population estimations in most cases have not realized due to different reasons. However, its consequence was the addition of much land into the legal limit of the cities in order to accommodate future population. This also happened to Kazerun and the predicted population for the year 2000, was 124'000 persons which did not appear in reality.
While the proposed growth area suggested by the masterplan of Kazerun located in the east part of Kazerun, the developer companies started constructing in the west and northwest parts. According to the experts' narrative report, the most important reasons for violation of the masterplan and sprawling in Kazerun were:
• Lack of a clear policy on urban growth boundary (UGB),
• Inability of poor immigrants to find affordable housing inside the defined urban area,
• Land market inflation and lack of governmental land banking for public uses, jsd.ccsenet.org Vol. 10, No. 1; 2017 • Establishment of some urban facilities and large-scale projects outside of the city borders,
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• Uncontrolled activities of developers and housing cooperative companies,
• Passiveness of the municipality with regard to public nuisances on properties located on fringe,
• Inability of the local government to control the usage of vacant lands by private owners,
• Driving forces arisen from the road network development towards nearby settlements.
Conclusion and Policy Implication
This paper studied the urban growth pattern of Kazerun, a medium-sized city in south of Iran. Using population and area data available from secondary formal sources, the growth pattern was compared to national statistics. Furthermore, two well-known landscape metrics included Holdern and Shannon indices were applied to measure the extent of urban sprawl. As part of research methodology, 30 planning and engineering experts working in governmental agencies were asked to explain the causes and effects of urban sprawl in Kazerun. The results confirmed that several factors affected the urban development pattern. Moreover, a number of physical, environmental, economic and social impacts were discovered as the consequence of current fragmented growth pattern. This study showed that in many cases the sprawling areas are the outcome of insufficient control on land use planning. Such fragmented constructions cannot be termed planned development because no target is observed behind the growth pattern of them (Masoumi, 2012) . Good samples of such developments are the unplanned constructions along the arterial roads oriented to Shiraz and Bushehr as two important neighboring cities. Such growths were not been predicted by the master plans so they have nothing in common with planned development but they are just the outcome of fast urbanization and lack of strict control by planning authorities.
In order to provide a policy packages for balanced development of Kazerun, the further recognition of sprawling causes is required. At first glance, converting the growth pattern from horizontal low-density development to medium-density infill development is a possible solution. The alternative growth pattern should be shaped on the abandoned and unused lands inside the current limits of the urban area. The development on those lands which had been far from the attention during the continuous expansion of the city has a priority. Establishing a vibrant urban core through revising existing land-use codes and regulations and continuing investments on central area to improve the quality of place is the second recommendation.
The results would be beneficial to help urban planners/managers in their role of evaluating the value of development proposals by identifying how the undesirable consequences of sprawl can be included in their evaluation. Building new homes on brownfield sites and extending the usage of older infrastructure while balancing competing land use interests is another successful strategy practiced in European cities to overcome sprawl and can be replicated for the case study area. The local government should work to keep sufficient affordable, attractive, and updated housing choices within the current urban border and the developed area in order to accommodate low-income families and new migrants. Enhancing the quality of public spaces and improving transportation systems other than private vehicle such as public transport, walking and cycling is recommended to decrease the level of car dependency.
A useful direction for future research is to compare the calculation and qualitative analysis of this study with other med-sized cities in Iran. Furthermore, examining the reliability of quantitative analysis and the accountability of the used methods in specific circumstances such as in Iran would be interesting.
